Congenital unilateral absence of the hand (amelia) completely deprives individuals of sensorimotor experiences with their absent effector. The consequences of such deprivation on motor planning abilities are poorly understood. Fourteen patients and matched controls performed two grip selection tasks: 1) overt grip selection (OGS), in which they used their intact hand to grasp a three-dimensional object that appeared in different orientations using the most natural (under-or over-hand) precision grip, and 2) prospective grip selection (PGS), in which they selected the most natural grip for either the intact or absent hand without moving. For the intact hand, we evaluated planning accuracy by comparing concordance between grip preferences expressed in PGS vs. OGS. For the absent hand, we compared PGS responses with OGS responses for the intact hand that had been phase shifted by 180°, thereby accounting for mirror symmetrical biomechanical constraints of the two limbs. Like controls, amelic individuals displayed a consistent preference for less awkward grips in both OGS and PGS. Unexpectedly, however, they were slower and less accurate for PGS based on either the intact or the absent hand. We conclude that direct sensorimotor experience with both hands may be important for the typical development or refinement of effector-specific internal representations of either limb.
Introduction
The functional organization of primary sensory and motor maps is activity-dependent throughout the lifespan, changing in response to increases or decreases in stimulation. Traumatic loss of an established limb therefore induces reorganization of primary sensory and motor maps (e.g. Merzenich et al., 1983; Donoghue and Sanes, 1988; Sanes et al., 1988; Kaas, 2000) . The impact of these reorganizational changes on pre-movement action planning and selection is much less certain. For instance, amputees who experienced traumatic loss of a limb, typically in adulthood, retain the ability to choose responses that would minimize biomechanical awkwardness if using the absent hand (Philip and Frey, 2011) . This ability may arise from effector-specific internal representations that are robust to the effects of chronic inactivity (Johnson et al., 2002b) , or that are maintained through "cross-activation" during use of the intact limb (Parlow and Kinsbourne, 1989; Lee et al., 2010) . The role of experience in the establishment of internal representations that guide motor planning is unclear. Individuals born without a hand (i.e., unilateral upper extremity amelics; "amelic individuals" for brevity) provide a unique opportunity to address this important issue.
Whether amelic individuals possess internal sensorimotor representations of the absent limb remains controversial. Some 7-20% of amelic individuals report phantom sensations for their absent limb(s) (Vetter and Weinstein, 1967; Melzack et al., 1997; Wilkins et al., 1998) , suggesting that they may possess internal representations of body parts that have never developed (Brugger et al., 2000) . Consistent with this view, transcranial magnetic stimulation (TMS) of motor cortex contralateral to the absent limb can sometimes evoke phantom sensations in amelic individuals (Brugger et al., 2000) . However, this is not always the case (Cohen et al., 1991; Pascual-Leone et al., 1996; Mercier et al., 2006; Reilly and Sirigu, 2011) . Results from the hand laterality task, considered an implicit test of motor imagery, have likewise been inconsistent. One investigation found that while dominant hand amputees experienced difficulties, three individuals with unilateral amelia were able to identify whether rotated pictures were of left or right hands as accurately as controls (Nico et al., 2004) . Their slower response times, however, were taken as evidence for use of nonmotor strategies. Conversely, a larger investigation of 14 amelic 
